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Abstract

People hold large amounts of personal content on their computers. This digital content
takes the form ofideossuch agamily events, photographs from vacations, instarésage chat
logsandvoice over nternetprotocolaudiochat loggust to name a few. This personal digital
content can function as a chronicle of @niife. It allows people to also look back and reminisce
about past events. However, audio lags not idealOne is restricted by the amount of time
available to listento the logsVisualizing audicconversation, though, can enable otweuse
audio logs to a greater magnitude. Here we discagsvisualizing audio content from remote
conversations can be used as an artifact of the conversatitiemdses in archivak well. We
created a system to study how users react to visualizing audteetepurposs and discuss the

results of those studies
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Chapter 1

Introduction

fWritten wordsare residue. Oral tradition has no such residue positd - Walter Ong [26

Computers are becoming more and more essential in @e@vieryday lives. People rely
on computers for their ability to store, organize, and provide information. Thosmakechome
movies can store these movies on their computers. With digital cameras becoming so affordable
for so manypeopldés photo collections are increasing in size rapidly. Instant messaging has been
popular for some time now. People have gotten into dé of logging their chats for future
reference. Also with more storage space, numerous people no longer delete/dhodithese
different forms ofcontent hold information about the owner, where the owner has been, who the
owner knows, what the owneras doing, etc. In other words, these forms of content are like a
storybook of the ownés life.

These forms can be described as personal digital content. These pieces of information are
about or taken by a user. They are stored digitally. Lastly, thetgicomeaning inside of them,
they hold some sort of content, whether it is simply text from and instant message chat or
information stored about individual pixels in an image, putting the text or the pixels together
create something of substance for tBerult is very possible that the user does not touch
individual pieces of personal digital content for long periods of time, but it is also very possible

that, even so, one would not dare to part with that data.



As mentioned above, these pieces of pelstigédal content form a storybook of ofse
life. From the videos and pictures taken and the chats had ov@riosiant messaging client, one
is able to create an archive of sorts. If one wanted to recall what the speech was abdeit at one
graduation, aideo could remedy that. In the case that a person wanted to recall the details of an
historic building from onés last vacation, a digital photograph could fix that. If two friends
decide that they wanted to meet for coffee over instant message, oneasilyldook up the time
and place by checking the chat log. If the conversation was done over email, all one has to do is
find the email in question.

Personal digital content provides more than function though. It allows people to
reminisce. It gives uss tools to reflect. These are artifacts of @riée. Old friendships can be
rediscovered by looking though any of these forms of personal digital content. Memories about
ongs favoritepastimesould be revived from these forms as well. This storyboofyposed of
all of these different forms, holds information near and dear to their owner.

There is another form of content that we have natugised yet. Programs like Skype
[39] not only offer the functionality of instant messaging but they also offer the functionality to
hold voice chats over the internet. This procedsioalled Voice over Internet Protocol (which
will be referred to as VolIP from here on). With VoIP, usersartonger restricted to text chats;
users can use their voice. Text has to be read for it to be understood. Without reading the text, the
information that is contained in the text remains unknown to others. Sound, however, can be
perceived from every diotion at once. Even if something is happening behind a person, through
the sense of hearing, that person does not have to turn around to know there is something going
on.

Oral communication also allows for auditory nuances to be picked up. For example,
sarcasm is sometimes misinterpreted in text chats because it is not clear that sarcasm is in fact
being used. However, sarcasm can appear more evident when used orally. It is the togse of one

voice that gets this message across, not thebwabrdsthemseles To speak withut tone is



generallyconsideredunusual. This additional factor makes oral communication a fascinating one.
As hard driveshecome cheaper, allowing users to have more storage space available, the idea of
logging numerous audio files is tanger an absurd notion. This allows éngoice chats to

become part of orde collection of personal digital content.

Very few people ever go back and listen to old conversations though. The act of listening
to some set of audio looking for some pie€tormation can be a daunting one, especially with
numerous conversations logged or if the few conversations that have been logged are very long.
In either case, the user may have to spend a large amount of time listening to the audio files if
they are doking to find out what time one is supposednieet a friend for coffee. With instant
messagehat logs, one can employ some find functionality built into the software being used to
view the chat. Oral communication offers the advantages of providinginformation, tone of
voice for example, bits usedor archival is limited by the amount of time the user has to spend
listening to these files. How can we make the oral conversation archive more functional for the
user? Human beings are extremely skilat using and understanding social dd&gl2] [13]. Is
there a way we can integrate the information and the social cues from an oral conversation
together in an easily usable and functional way?

One way of doing this is to visualize this informatiantlse user is not solely reliant on
ondgs sense of hearing. While orality does have its benefits, literacy opens new possibilities
unimaginable without writing26]. However, this does not simply mean that we transcribe the
oral conversation. Using absttadsualizations we can sometimes see information that is
invisible in its textual representati¢n].

Throughout the years many attempts have been made to create computer systems that
mimic face to face conversatienThat is not our goal with our wo/ith all thecapabilitiesthat
computers have, we aattemptingto make a system that goes beyond face to face interaction, as
encouraged by Hollan and Storndfté]. Face to face conversations generally are not logged.
Once the sound has dissipatedi that, the sound is gondf the VolP conversation is not logged,
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then once that conversation has ended, it only exists as long as the convsrpatiizipants can
remember it existed. Our system attempts to go beyond beind1bgk®y creating imags of
conversations.

With an image of onis conversationan oral conversatiods ability to be archived and be
used as an artifact changes. If this image contained keywords from the conversation then it is
possible that one could use the keywords to figeieeh conversation was about which topics.
Then, if one needed more information, one would be able to tell which audio file to look up
because by simply looking at this image, one was able to get all of this information. With the
images of the visualizath being used in this manner, the oral conversation has just gotten higher
usability as an archival tool.

Other images may hold information about the social cues used during a conversation. It is
possible that by simply looking at an image, one can uratetthe overall feeling of the
conversation. Was it a happy one, a sad one, an argument? If pitch, volume, conversation
dominance, turtaking, and other nuances of conversation were visualized in this image, it is not
unthinkable to see that the tone afamversation can be surmised without having to listen to the
audio file. Furthermore, by being able to gather itfisrmation, memories can bgaked. Just
like looking at a photograph, images from the visualizations hold an artifact like quality.

In this paper, we will discuss the beginnings of not only VolP, but the beginnings of
orality and its transformation from thgimary form of information passing to a secondary form.
We also will perform an investigation into other works that have visualizedpardigital
content or social cues. From this area, we will move on to the theory behind using personal digital
content for archival anitis uses as an artifact. We will discuss whatgisnformation means to
people;how people define themselves byuasinformatior? That is, not only do people use
visual information to reflect on themselves and their own lives, but people also use this
information as a face, to allow others to reflect on them. This can be learned from how people

display various formsf visual information.



Beyond this section we describe the system, which we have named VoiceSpace, we have
created to visualize ofeoral conversation for the sake of archival and its use as an artifact. It
visualizes, not only content, the words being used in the conversation, but it also viaihézes
conversational nuances as well. The ideas behind the visualizations, thenitefshe design
and the implementation are all described. Then we detail and examine the user study that was
conductedo assess the strengths and weaknesses of the VoiceSpace system. We will determine
whether or not VoiceSpace can effectively work &schfor increasing the usability of oral
communication for archival and creating artifacts. Finally, we conclude with a short discussion of

our results and areas for future work and improvements.



Chapter 2

Background

fiConversation is more thamply an intellectual endeavor: it is a fundamentally social pracess.

- Erickson and Kelloggil 3]

2.1 Evolution of Cognition

For thousands of years, the only form of communication between people was based on
vocal communication. Writing, the concept afitimg, had not been invented. In Orality and
Literacy[26], Ong does an in depth study bow writing changed everythinin his study, Ong
asksthe readeto try and think of a world where no one has ever looked anything up. It is hard to
imagine such éme, but Ong describes how primarily oral cultuegperience this even in the
current day

Going back in time, Homer, for example, is said to have memorizdtiatiend the
Odyssey. He is sdito have repeated his storieanytimesand after years, & writing had
been created, those storigsrewritten down. However, memorization, as we know it, did not
exist. Ong found that redundancy was very important when it came to thought and speech in these
cultures. When thoughts were repeated they becamne kmown to the speaker. Since there is
nothing written to help the speaker stay on the train of thought, one continually has to back track,
has to repeat hatwas said to make sure that what is to come next makes sense. This also means

that the more timéhe speaker has to let something sink in, the better.



For this reason, any analysis was found to be a very risky procedure in primarily oral
cultures. If there was no way to keep track ofterihought processes, where one has been and
where the thoughtare leading, it is highly unlikely that this process will be able to be repeated.
Many times complex questions require complex answers. Without writing, without being able to
keep track of onis thoughts, the questions were left unanswered.

Writing, howeve, even just a small amount, changes the thought process in tremendous
ways. In a study, performed by Aleksandr LJfif], heasked people in a primarily oral culture
to describe the geometric shape that was drawn for them. The people in these catiuies te
refer to the shapes as whia¢ shapemight represent in the real world. If the shape was a circle,
the participants called it a plate or a bucket. However, the participants that had been exposed to
literacy thought in a different way. These papants found it easy to refer to the shape as a
circle. With literacy, people gain the ability to alast concepts from their situational existen
People were no longer constrained to their direct experiences.

What writing was to cultures a few thousand years ago,[Z8jgompares to what
computers do for the world nownstead of relying on books and chirography, people rely on the
internetand typography. Computers are changing péspliew of the world in \Wich we live.

People are becoming ever more connected and reliant on this technology.

Before writing, people were only able to speak to people who welacated. Then after
writing was created, people started to write letters and journals. Books stapecbme popular.

Now, the transfer oihformationwas dependent on the transportation technology of the time. The
speed of on® horses and messengers created a bottleneck. Thousands of years later the telegraph
and telephone areinvented. Now, with thénternet a network that spans the entire globe,
conversation can be held by any two people anywhere in the world.

Communication through computers can also ladigviateextra analytical efforts that
one makes when using this medium. The computer candeonversations; one is no longer
required to remember everything that was said. The computer can transcribe audio allowing one

7



to be able to use oéeears and eyes to understand what is happening. Ong described how writing,
the alphabet as we know litas no meaning unless we give it meaning. A symbol could mean
nothing if the viewer does not recognize it or understand it.

There are those, however, that do rgreathat theuse of writingimprovesthinking.
One of the most famoyseople who believedisis Plato. He discusses his distaste of writing in
Phaedrus [29]. In Phaedrus, Pl ato dramati zes a
and Phaedrus, the one tipabvokesSocrates. In this dialogue, Socrates explains to Phaedrus that
writing does not let people think for themselves. Writing gip@aple opportunities to forget
because people do not have to remember. Accord
exercised, leaving people unable to remember. Writing only has the abiitpw people to
remind themselves of a topic. Socratesodé point
writing is used to teach, they will only think they hdasarnedwhen in fact they do not know

anything since they cannot remember the kieolye without the assistance of written sext

CEANNTe LIS

_ting

i

R
T~
D

-

SrlEL):
DA AT RNENA RN S

w1l A~ AT

.

R T it B} ]

wé\akﬁs}ww
il

LB
I
(s

It

2 B

NG

‘
L]
»

O

NS I CE
it N SO

)
PG

1
w2
&".
}

IFE]

NeRFEL IS

1\
-

& -
O

<7)

3

s 2

A%
»H
o=

)
1

SR
=
RS CY Ste o) g 1Y

BT 1562 )

=l

A2 X

= 2 —

Figure2.1: The left image shows as example of anclegyptianhieroglyphics[11]. The
right image is an example of Japanese calligrd@8j

1%

N

an N

EAA
—=OF%



The alphabet was created with the tools at tedride time Some used an elementary
chiseland a rak to write. As time went qmwriting went from a pictographic nature to a syllabic
one.Hieroglyphics, Kanji, Morse code, smoke signals, are all various forms of language that
were, and in some cases still are, ®yed by peopleNow, languagssits in its current form as
an alphabetr sylabary depending on the culturgVriting tools have evolved just akirography
has. Computers can take this evolution further. What new meanings and abstractions can we

develop for and from sound?

2.2 Conversation

Conversations contain many cues for the participants to analyze and understand. There
are aspects that people do notretlénk about because it is so ingrained into peispiands.
Society has coached us since birth about the ways to converse with others. Some of these aspects
are backchannels, tutaking, interruption, dominance, silenceimicry, and flow[2]. In fact,
only 7 of face to face conversation is actually wdilg. The rest of the 98 is associated

with tone and body languaggelow, Table 2.1 shows the division of how information is

communicated33].

Vocal Non-Vocal

Written Languge
Sign Language
Whistle/Drum Language
Morse Code

Spoken Language

Verbal

Silence
Kinesics
Proxemics
Eye behavior
Pictures and Cartoons

Paralinguistic and prosodic feature
Laughter

Non-Verbal

Table 2.1: This table describes the divisions of how information is communizased
on whether it employs words (verbal/neerbal) versus whether it uses voice channels
(vocal/nonvocal).



A study by Lynn Chernejd] suggests that people modify their behavior to work with the
affordances of the medium. Her study involved MulserDungeons (or MUDS). People enter
virtual world based on text. There can be objects in the room and the people can interact with
themalso through text. Cherney found that even without being able to see one another, MUD
users found ways to incorporatare® conversation cues. There was evidence of backchannels
and turntaking. Interruption was also utilized in these MUD conversations. In text form,
interjections likefiahad or firighto were used to show that one was still present and paying
attention. Integctions likefiwello were used to show that one wanted to take a turn. It was a light
interruption so another could speak. These are all text based forms of conforming to the medium.
With audio, one can alsaddpitch and volume into the mix. Now, with aodthe user has more
ways of expressing oneself.

There are many components to communication however. The components are best
summarized in the work by SavHlEroike [33]. In this work, the author describihe eleven
components of communication:

1. Genrei Describes what form the information that is being told has, for example, a
joke, story, or a lecture

Topici Describes the subject matter of the communication

Purposd Describes the goals of the individuals involved in the communication
Settingi Describeghe time and location the communication is taking place

Key1 Describes the tone of the event, for example, sarcastic or serious

Participants Describes who is involved

N o g bk e

Message forni Describes how the information is being expressed, this includes both

verbal and noiverbal forms of communication

o

Message conteiit Describes the information being expressed

Act Sequencé Describes thavay the individuals participate, this area inclside
nuances such as tutaking and backchannels

10. Rules for interactiofi Describes how the participants are interacting

11. Norms of interpretatioii Describes the basic information that the participants share

which allows informatiorsuch aseferences to be derstood.
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By understanding how communication works, what makes up communication and the
ways the information is transmitted we begin to see how we can take conversation and move it to
online space. We want to enable userstitbbe ableto comprehend all eleven componeats
conversation. We want to make available many of the parts in the divisions of how information is
communicated. Doing this will allow us to attempt going beyond being there, as suggested by

Hollan and Stornettf 6].

2.3 VolP

Voice overinternetProtocol (VolIP) is the term that refers to usingititernetto transfer
audio signals to remote spaces. For Vol®tok the audio analog signal is taken from the
microphone and it is digitized. The digital signal is sent over the network in packets and then
recompiled at the other location. VoIP has been talked about for years but the first commercial
VolIP software was rebsed in 1995 by Vocalt¢t0]. While it took a few years for VoIP to catch
on, its popularity seems to be increasing exponentially. Two of the numerous reasons that VolP
has become popular are the cost reduction and the simplicity. Costs are reducsed YetRu
needs less infrastructure hardware to work and does not need any of the traditional circuit
switching networks. The simplicity comes from the fact that no additional equipment is needed
than one traditionally needs to connect to the inte¥iiéh services like Skype availablplP is

now available in many places aroutid world.

2.4 Related Work

We divide the related work section into twars. First we discuss works thevolve
visualizing aspects of conversation, such as volume, interaatidiyackchannel§hese
components sometimes go unnoticed in conversation. The works described below make an effort
to bring these aspects to the forefrdrten we go on to discuss works related to the actual

content held in audio and various works redati® content extraction in general.
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2.4.1 ConversatiorNuances

Researchers have beexploring visualizing different aspects of conversation in different
ways for some time. One of the first projects that visualized the audio space of a conversation was
the Somewird38] project by Singer et al. Part of this project was Vizwire. The astb@ated a
graphical interface for users to interact. The space was divided into active and inactive members
in the conversation. While the local user was represented in a fixed location, the remote users are
all represented by icons that could be dragg®und. As a remote ugeiicon moves around the
Vizwire space, the audio channel is affected accordingly. That is, the volume is determined based
onthe dstance between the remote Wsand localisedsicons. If the icons were far apart, then
the voume between those two users would be very small. With the draggable icons, users were
able to mix and mingle as they pleased.

For the most part, users were very pleased with the Somewire system. Some users,
however, did mention that they felt the systetnuided on their privacy. One very interesting
result that was found out from the surveys conducted after the study was that users did not want
to give up screen real estate for a system that functioned, in their eyes, like a telephone. In fact,
Singer et b concluded at the end of their study that graphical interfaces were not a good choice
for audio spaces. This early conclusion did not deter others from exploring this path.

Talking in Circleq31] is a project that further explored this idea. In thigem users in
the audio space were all represented abstractly as circlesirlesare colored differently and a
usels name also appears under @n@wn circle. This helps people identify whonBoin the
audio space. Without this graical represeation, voicesvould be seemingly disembodied.

When a user speaks, a brighter circle appears in the center of tfsenugier circle. The brigter
inner circles then becomepresentational of the volume of the speaker. With this system, users

can start to associate voices with names since the interface gives feedback when users speak.
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Figure2.2: This is a screenshot from thalking in Circles project31]. People canw
in the circles. Notice the bright orange and blue circles. This signifies that those users are
speaking.

Each user could only hear the speech of others within a radius@farde diameter
timesfive of onds own circle. The volume of users within 1.5 diameters was heard normally,
however, beyond that range the volume would fade until ondiveadiameters away from the
other user and no sound could be heard. This allowed users to not only communicate in sma
groups, but it allowed users to benefit from the effects of participating in one conversation, but is
still able to be aware of the other conversations happening arousgatbe To be able to create
thesesubgroups users of this system also had thityaio move their circle around the virtual
space. This movement in the space, the movement & oimele or the growing and shrinking of
onds inrer circle gae the space the appearance of being #ijxeThese movements all have
meanings associatedth them and with that, the visualization becomes the living embodiment of
the interaction that is occurring in the space.

In the Babblg12] project, the creators try to furthdretnotionof creating a space that
allowed the idea ofisualizing social aesto flow through. Erickson et al. visualized the
conversation sp&cas a circle. Each person wapresented by a smaller circle. The more one
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participated in the conversation, the closer to the center of the larger cirGesoraller circle

moved. Through this interface, users were able to gather information on participation, presence
and lurkers. The Babble system is intended to be used in group conversatiivesptople in a
semiprivate onlhe space cues about their iatetion.

Later,Karahdios and Donath wanted to create usable and sociable connected spaces with
their Telemurals proje¢l7]. Telemurals connectedi® remote spaces through audio and video
channels. However, it was different from Vizwire and Talking in Circles in that theection
was always there between these two physical locations. If no one was,dheucmhnection was
still there.

Each space was able to capture audio and video. The video of both spaces were blended
together and projected onto a wall in both spadesvever the video was not simply regular
video. The video was analyzed in real time to find people. If there were no people in the video,
nothing was rendered by the projector. When a person first comes into the video, only the
silhouette of the person dsawn. Details of the person are filled in as the user speaks and moves
closer to the camera. The system also did speech recognition on the audio and rendered the
recognized words on the display as well. While the speech recognition was not perfetted see
to be a source for comic relief between the spaces.

This system encouraged people to interact with one another from these remote spaces. If
one wanted to know more about the other space, one had to speak with them. However, if a
person was worried abbprivacy, one could simply interact less and therefore, their image
remained a silhouette. Once a person felt more comfortable with the system and the users on the
other side, one could feel free to interact more with the system and the users in thespanet

Other pieces that worked with speech recognition and audio visualization were Hidden
Worlds and RE:MARK18]. These pieces were meant to be artisticqsdhat answered the
g u e s fif weocould Bee our speech, what might it look dik€he firstvisualization, Hidden
Worlds, utilized 3D glasses. With these glasses, @ispeech would be turned into abstract
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shapes and clouds, projected in front of the users. It enabledated users to see each others
speech. The shadows of these animgteghics would be projected onto a table that the users
were seated around. With this, people without the 3D glasses were also able to witness the
speakeds voice in a visual form.

In RE:MARK, remgnized phonemes are displayadaowall. If the system isnable to
recognize a phoneme in the audio signal, then the sound is represented on the screen as an
abstract shape. These symbols and characters begin around the area where the user is standing,
and then start to move away from the user, to give the idgauad dissipating outwards through
space.

Visiphone[8] is another project that connected two remote spaces through a persistent
connection. That is, the connection was always there. In Visiphone, the two spaces were
connected only through audio, however. The purpose of this project was to allow people in
remde spaces to interact casually instead of having to dedicate all@fattention on a
discussion for a certain period of time. This persistent connection creates an opportunity for
conversations to ebb and flow naturally as the users go about thgibdsithess.

Visiphone worked by visualizing the audio in a way to reinforce the audio space. The
visualization appeared on a dome that was set atop a pedestal with a projector inside. The
visualization was projected onto this dome. Each end of the cotigarsas given a color and
the audio was rapsented as circles. The circige would be dependent on the volume from that
end of the conversation. If both ends of the connection spoke at the same time, the circles would
be placed on top of one anothetwihe smaller of thewo circles on top. Each circtepresented
a block of time and wuld appear ahe top center of the dome display. As time went on the circle
would spiral outwards and eventualiypuld not be seen arlpnger.This gave users a short
history of the interaction betweéne spaces.

One project that focused on visualizing audio for people in the same space was
Conversation Clockl] [2]. ConversatiorClock represented each userdifferent colored tick
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marks. The tick marks would appearound a circle. The location around the circle of the tick

mark is determined by the number of seconds into the current minute the audio sample was taken.
The size of the tick mark was determined by the volume of the audio from that user. Tick marks
would appear on top of one another from largest to smalfgstople spoke at the same time.

After a minute was over, the history would shrink towards the center of the screen, creating room

for the new minute of conversation.

Figure2.3: This is a screenshot from the Conversation Clock. Four users are involved in
this conversation. Each color in the visualization represents a different person.

This visualization allowed users in a-lorated group to visualize the dynamics of the
convers#on using a shared displa®ne could see who was not talking or if one was talking too

much. One couldise® oral backchannels as they would be reinforced by the visualiz&yon.
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the display being shared, it was guaranteed that the users were seeacttmamehing. These

are just a few of the aspects reflected by the Conversation Clock.

2.4.2 Content

While this next project does not involve audio, it does involved content extraction.
Themail[44] by Viegas et al. visualizes important words useenmails between a user and one
of the useis email contacts. The words are displayed monthly, with words used more globally
represented in a yearly sense. That is, there is a timeline displayed for a usegsodntact.
The monthly words, the words that appeared numerous times over a certain month, appear in a
column at that month. The yearly words appear fainter, but larger behind the monthly words.

Words are chosen by their distinctiveness and by the numtienasf they are repeated.

song
bain

bhangraiee
gu

2600 o i 2001 002 2003 joo2 a0 2000 000 poas

Figure2.4: This is a screenshot of Themail [44] showing the content froeighteen
months of email history.

By displaying these words, Viegas et al. have creatathly textured view of on@
interaction with a contact ovente. With this system, users were able to see how interaction with
a contact morphed and molded over time. Users felt like Themail had agiano like quality
since it enabled users to view the history of their interactions.

Viegas et al. also developadd deployed a website to allow anyone with the data to
create meaningful visualizations. This websitealed Many EyesZ0] [43]. There are numerous

visualizations that one can use on this website. The purpose of creating this site is to support and
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promote coll aboration through a Asoci al styl e

visualization types for text analysis. The first type creates a Wordd%geT he visualization
needgext to base information from. With this text, ormahoose a keyword or phrase to see

what phrases or sentences start with the keyword. A tree is built from the left to right displaying
the results. There is Wordle, which is a tagcladmre the words are placed in varying orders

and locations based oarse input parameters. Then itreators offer a more basic thgud, in

which words appear in alphabetical order. Finally, the creators have Phrase Net which creates a

network graph of sorts based off of a set of rules that the user can define.

Figure2.5: This is an image created by Word€] [43]. The text used to create this
image is from the abstract of this thesis.

The work TextArd27] is another example of a work thavolvedtext analysis. In this
work, the creator tries to organize the information from a text in a way that allows the user to get
a sense of what is happening in the text. The words are organized by frequency and distribution.
When looking at text analysis, wisa took at look at WordNg14] [46]. WordNet is a lexical
database for the English language. Words are grouped into sets in which the sets express various
conceptsWe ako bokedat Saltoids TFIDF algorithn{34] when we were trying to figure out

what the best way was to analyze the content of the conversations
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